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In this work, we used quantitative x-ray diffraction measurements and optical metallography to
investigate the relationship between structural quality and critical current densities Jc for 3- and
4-�m-thick YBa2Cu3O7 �YBCO� films grown on CeO2-buffered Ni–W substrates by the BaF2

process. The Jc of the films was shown to be approximately: �1� proportional to the intensity of the
YBCO �006� diffraction line, and �2� inversely proportional to the average grain size of the c-axis
oriented YBCO as determined from optical micrographs of polished surface of the films. We
conclude that to achieve Jcs well above 106 A/cm2 in self-field and at 77 K, it is critical to suppress
the formation of randomly oriented YBCO grains while maintaining high crystallographic quality of
the c-axis oriented part of the film. The quality of the c-axis oriented YBCO was found to be
strongly dependent on the YBCO grains size—e.g., the grains, which are smaller than 10 �m, are
required for high Jc films. The fine-grain high Jc films can be synthesized under processing
conditions that promote a high rate of nucleation of c-axis oriented YBCO. © 2007 American
Institute of Physics. �DOI: 10.1063/1.2773997�

I. INTRODUCTION

Creating a practical superconductor often requires find-
ing a fine balance between introducing sufficient amounts of
small microstructural defects and achieving a high crystallo-
graphic order for a given superconducting material. Small-
scale defects, when they are present in large numbers, can
effectively pin magnetic flux, thus enabling high critical cur-
rents in external magnetic fields. Obviously, defects cannot
be added indiscriminately, since they also reduce the effec-
tive cross section of the conductor and degrade structural
quality of the superconducting matrix, eventually negating
the benefits of enhanced pinning. The structural perfection,
which determines critical temperatures Tc, of a supercon-
ductor, is especially important for YBa2Cu3O7 �YBCO�
coated conductors, which are now manufactured for power
applications at or near the liquid nitrogen temperature, 77 K.
Because the difference between Tc��92.5 K� of YBCO and
the operating temperature, �77 K, is only 16% of Tc �for
comparison, it is �50% for a NbTi wire operating at 4.2 K�,
even a minor reduction in Tc has negative consequences for
the reliability of electrical equipment based on YBCO con-
ductors. Additionally, due to its exceptionally small super-
conducting coherence length, even minor structural imper-
fections, such as grain boundaries, can block the supercurrent
in the YBCO layer. These factors emphasize the need to
make the YBCO layer, in a high-performance coated conduc-
tor, nearly perfect in structure and thus “transparent” for the
supercurrent.

It has been demonstrated that thin ��1 �m� YBCO lay-
ers with an excellent c-axis texture and extremely high Jc can

be grown by a variety of deposition methods.1 However, eco-
nomic considerations dictate that the YBCO layer in a prac-
tical coated conductor has to have a thickness of over
�3 �m and a Jc �self-field at 77 K� �1 MA/cm2 to carry
critical currents high enough for power applications. Unfor-
tunately, simply adding an extra thickness of YBCO did not
work for almost all popular deposition techniques. For ex-
ample, it was found that the overall critical current of the
films, deposited by pulse laser deposition �PLD�, almost
stopped increasing when the film thickness surpassed the
�1 �m threshold, i.e., the additional YBCO deposited on
the 1-�m-thick film carried very little supercurrent.2 Recent
advances in PLD technology and the synthesis of effective
pinning centers allowed several groups to break the 1-�m
thickness barrier and demonstrate impressive Jc values for
multi-micrometer-thick YBCO films on metal substrates.3–5

These results are very important as a proof of principle
and demonstrate the potential of YBCO material. The
BaF2-based ex situ process is considered to be a scalable
route for the production of thick YBCO coatings. One varia-
tion of this process, called metal-organic decomposition
�MOD�, is now being employed by the American Supercon-
ductor Corporation for the large-scale production of coated
YBCO conductors.6 In this work, we use another variation of
the ex situ process, where a vacuum deposition method is
used to prepare the precursor films.7,8 �For simplicity, in the
following we call this the BaF2 process.� This method allows
the deposition of crack-free dense multi-micrometer-thick
YBCO precursor films that are well suited for the study of
the ex situ conversion process. In our previous work, we
outlined a successful strategy for achieving self-field Jc in
excess of 1 MA/cm2 in 3- and 4-�m-thick YBCO layers on
buffered metallic tapes. In essence, we optimized the pro-a�Electronic mail: solov@bnl.gov
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cessing conditions to promote the nucleation of high-density
c-axis oriented YBCO, while limiting the nucleation of ran-
domly oriented YBCO grains.9 In the present work, we fo-
cused on the examination of the structural properties—as
determined by x-ray diffraction and optical microscopy—of
a statistically meaningful set of 3- and 4-�m-thick YBCO
films that were processed under the growth conditions de-
scribed in Ref. 9. The results are used to develop a system-
atic relationship between the structural quality and the trans-
port critical current densities Jc of thick YBCO films by the
BaF2 process.

II. EXPERIMENT

The metallic substrates, provided by the American Su-
perconductor Corporation, were textured Ni–W alloy tapes
�RABiTS™�10 coated with epitaxial oxide buffer layers. The
substrate was comprised of the following layers in sequence
from the alloy tape to the top oxide buffer:
75 �m �Ni-5 at. %W�−75 nm Y2O3−75 nm �Y stabi-
lized ZrO2� −75 nm CeO2. The substrates had an average
in-plane texture of 6.9° and an out-of-plane texture of 5.0°.
The fluorinated precursor films, Y-BaF2-Cu, were deposited
on the substrates using vacuum coevaporation of Cu, Y, and
BaF2 at ambient temperature. Fluxes of these elements and
the molecule were independently controlled to yield an el-
emental composition to Y1.4Ba2Cu3 for the films at a com-
bined deposition rate of 10 nm/s. We routinely achieved the
composition within 5% of the target as confirmed by induc-
tively coupled plasma �ICP� analyses using a JY-Horiba
ULTIMA-2 ICP spectrometer. During the deposition, we ad-
ditionally provided a flux of water vapor directed at the sub-
strate by a specially designed showerhead. The purpose of
adding water was to partially oxidize the yttrium in the pre-
cursor films. Otherwise, shortly after removing the precursor
films from the deposition chamber, the films would react
uncontrollably with atmospheric moisture and often delami-
nate from the substrate. Directed injection of water vapor at
the substrate area allowed us to stabilize the yttrium oxida-
tion state and, at the same time, keep the pressure in the
deposition chamber below 10−5 Torr, which helped to avoid
arcing of the electron-beam guns. When removed from the
deposition chamber, the films were black, shiny, and, most
importantly, chemically stable in the laboratory environment.
After the deposition of the precursor films and prior to the
conversion of the films to YBCO, the samples were annealed
for 1 h at 400 °C in a gas atmosphere of 70 Torr of water
vapor and 100 mTorr of oxygen, with the balance being ni-
trogen gas. This prereaction annealing was introduced for the
oxidation of copper to copper oxide and the conversion of
yttrium and barium to a textured oxyfluoride.11–13 We added
this step after realizing that the thick precursor films did not
have sufficient time to oxidize and texture the transient
phases thoroughly before the films reached the conversion
temperature. Without this pretreatment, the rates of nucle-
ation of epitaxial c-axis oriented YBCO were very low. Fi-
nally, the precursor films were converted to YBCO in a
process-gas mixture at subatmospheric pressures.14 The pro-
cessing conditions used in this study were as follows: the

overall process-gas and water vapor pressures were kept con-
stant at 20 and 0.5 Torr, respectively, and the temperature
was 735 °C. The oxygen partial pressures �40–300 mT� and
the growth rates �0.2 and 0.7 nm/s� were the only parameters
that were varied for this study. These processing conditions
were same as those described in Ref. 9. As was previously
done, the slower growth rate was achieved by surrounding
the sample by a quartz baffle, which restricted the flow of HF
gas from the sample surface.

The primary goal of this work was to relate the average
structural properties of 3- and 4-�m-thick YBCO films by
the BaF2 process to their critical-current densities. For this
purpose, we used �−2� x-ray-diffraction measurements of
the as-processed YBCO films and optical microscopy of the
mechanically polished YBCO films. We selected the peak
intensities of two reflections in the �−2� x-ray-diffraction
spectra of the YBCO films as the signatures of the average
structural quality of the films. These were �103, 013� �further
YBCO �103�� at 2�=32.8° and �006� at 2�=46° reflections.
The YBCO �103� line was used to quantify the contents of
randomly oriented grains in the films since it is the strongest
line in the diffraction spectrum of powder YBCO.15 �Inter-
estingly a-axis oriented YBCO grains were hardly found in
these films.� The other line, YBCO �006�, is the strongest
�00l� reflection and thus was chosen as an indicator of the
amount and the structural quality of the c-axis oriented part
of the films. In order to rule out the influence of line broad-
ening on the peak intensities of the YBCO �006� line due to
any c-axis misalignment, line broadening of the YBCO �006�
was measured on a four-circle goniometer for five samples
with widely different YBCO �006� line intensities. For all
samples, the out-of-plane and in-plane misalignments of the
YBCO layer were the same with those of the Ni–W sub-
strate, and both were �6° for the full width half maximum.6

It is well known that the absolute intensities of �00l� lines
from YBCO films have to be used with caution, since these
intensities are strongly affected by the sample misalignment
with respect to the x-ray beam and the detector of a diffrac-
tometer. This is particularly relevant for YBCO coated tapes
that are never ideally flat; the tapes tend to bend slightly
from the differential thermal contractions of the materials in
the tape during the cooldown from reaction temperatures. To
minimize this factor, the YBCO �006� intensity was divided
by that of Ni–W �002� line at 2�=52°. We assumed that both
of the YBCO and Ni–W peaks would change proportionally
in response to the small tilt and/or the warping of the tape
coupons, and thus the YBCO �006�/Ni–W �002� ratio was
used as a reliable gauge of the structural quality. This ratio,
however, is device specific and can only be used to compare
spectra recorded on the same diffractometer.

To reveal microstructural morphologies within the thick
films, it was sufficient to remove an upper layer ��1 �m� of
the YBCO films by metallurgical planar polishing. The pol-
ished surface was then inspected under polarized light and
the Nomarski �differential interference contrast� mode of a
Riechert–Jung MEF3 microscope. By adjusting the shift of
the Nomarski prism, we were able to obtain clear images of
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the YBCO grains. Standard software for image analysis was
used to calculate the average grain size from the areas con-
taining over 100 YBCO grains.

Critical currents Ic were measured by a dc four-point
transport method in liquid nitrogen �77 K� using an electric-
field criterion of 0.1 �V/mm. Typical critical currents of
4-�m-thick samples �3�10 mm2� were too large to be di-
rectly measured at self-field. Therefore, the Ics of these films
were measured in an external magnetic field of 1 T applied
perpendicularly to the film plane �H �c�. For 3-�m-thick
films, we reduced the sample width to a 0.6 mm wide bridge
so that the Ic could be measured both at self-field and 1 T,
H �c, for the entire set of 30 3-�m-thick films.

III. RESULTS AND DISCUSSION

A. Structure versus Jc

It is well known that presence of non-c-axis oriented
YBCO has a strong negative effect on the Jc of epitaxial
YBCO layers. Therefore, we correlated the Jc values of 30
4-�m-thick YBCO films and the content of the randomly
oriented grains by plotting their critical current densities
Jc�1 T� at �0H=1 T against the peak intensities of the �103�
line in Fig. 1. It followed from Fig. 1 that Jc�1 T� did not
correlate with the intensity of the �103� line until the inten-
sity surpassed an approximate threshold value of 1500
counts beyond which the Jc of the films dropped substan-
tially.

In Fig. 1, the data points corresponding to the samples
processed at the growth rate of �0.7 nm/s are presented as
circles. Among these, those with the �103� intensities over
the threshold are shown as open circles and those below are
in solid circles. Also, those films that are made with a growth
rate of �0.2 nm/s are indicated by solid squares. These dif-
ferences in the properties of the films for a given growth rate
are due to the variations of oxygen partial pressure p�O2� in
the processing atmosphere during YBCO growth. In this set,
the samples were processed at p�O2� values ranging from

40–300 mTorr, which resulted in either predominantly ran-
domly oriented YBCO grains at high p�O2��200 mTorr, or
c-axis oriented YBCO layers at low p�O2��100 mTorr.
This effect of p�O2� variations on the structure and Jc is
schematically indicated by a dashed arrow in the Fig. 1.

The randomly oriented YBCO platelets appeared at the
sample surface as 40 �m long 4 �m wide rods, and could
be easily detected by optical microscopy. Such observations
established an approximate linear relationship between the
�103� intensity and the areal density of randomly oriented
YBCO grains. The threshold intensity, mentioned above, ap-
proximately corresponded to a situation when the randomly
oriented grains began to overlap thus severely reducing path-
way for the supercurrent and lowering Jc.

We conclude from Fig. 1 that the content of randomly
oriented grains, inferred form the x-ray-diffraction spectra,
offers limited information on the structural quality of the
films and cannot be directly related to the Jc values. Exces-
sive content of random orientation does not account for sig-
nificant variations in Jc of a large set of 0.7 nm/s samples
�closed circles in Fig. 1� and all the samples processed at 0.2
nm/s �represented by solid squares in Fig. 1�. In these cases,
the �103� intensity is quite low yet the values of their Jc can
also be low indicating the presence of factor�s�, other than
non-c-axis oriented platelets, that contribute to the Jc varia-
tion.

Searching for a better structural parameter to represent
the variations in Jc of these films, we plotted the Jc data set
for the 3- and 4-�m-thick films using the ratio of
YBCO�006� and Ni-W�002� lines for the abscissa as shown
in Figs. 2�a� and 2�b�. For the 3- and 4-�m-thick films, Jc at
1 T are plotted in Figs. 2�a� and 2�b�. For these sets of the
thick films, we retained the data point labeling system used
in Fig. 1. Best-fit approximations, shown as solid lines, dem-

FIG. 1. Critical current density Jc�H �c� of 4 �m thick films at 1 T and 77
K vs the intensity of �103��013� YBCO reflection, corresponding to the
contents of the randomly oriented YBCO, is shown. Circles and squares
denote samples grown at the rates of 0.7 and 0.2 nm/s, respectively. Open
circles denote the samples with the intensity over the “threshold” value of
1500 cps. �The solid vertical line indicates the threshold value.� In these
samples, Jc is severely reduced by the randomly oriented YBCO grains.

FIG. 2. Critical current density at 1 T Jc�H �c� and 77 K vs the normalized
intensity �006�YBCO/�002�Ni for �a� 3- and �b� 4-�m-thick YBCO films on
RABITS™ tapes are shown. The same specimen-identification symbols are
used as those in Fig. 1.
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onstrate the approximately linear relationship between Jc and
the YBCO�006�/Ni-W�002� intensity ratio for both 3- and
4-�m thick films. Such a universality of Jc response to the
intensity ratio may seem surprising; however, it should be
mentioned that the intensity of the �006� line is a compound
structural characteristic, depending on both the abundance
and the degree of the crystallographic order of the
c-axis-oriented YBCO material. Thus, a sample with low in-
tensities of both �103� and �006� lines most likely contains
significant crystallographic disorder, which results in a sup-
pression the structural factors for �00l� reflections and asso-
ciated drop in Jc. Notably, all the samples processed at a
growth rate of 0.2 nm/s fall into this category: they are prac-
tically void of randomly oriented grains but have weak �00l�
line intensities and low Jc. On the other hand, for the samples
with a lot of randomly oriented grains i.e., the �103� intensi-
ties ��1500 counts �open circles�, the most probable cause
for the reduced �006� line intensity ratio is the displacement
of the c-axis oriented with the randomly oriented one.

B. Grain size, critical current density, and structural
quality

The above linear relationship between Jc and the �006�
intensity ratio indicated that structural factors played a major
role in performance of thick YBCO films. However, x-ray
diffraction measurements provided only average structural
information, therefore we needed to complement the x-ray
data with some other measurements which provide the local
structural information. In a search for the “hidden” factor, the
surfaces of the films were initially screened by optical and
scanning electron microscopy. These observations provided
little clues on the disorder since the surface was rather fea-
tureless, except for the samples with very low Jc, which
showed signs of granularity or high densities of randomly
oriented YBCO as described previously.9 In contrast, when
the approximately 1-�m-thick top layer of a YBCO film was
removed by mechanical polishing, the grains of YBCO could
be easily observed by optical microscopy in the Nomarski
mode. After these experiments, it became obvious that the
samples with high Jc were comprised of the c-axis oriented
YBCO grains much smaller than those with low Jc. Figures
3�a� and 3�b� are examples of optical Nomarski-contrast mi-
crographs of two polished 3-�m-thick YBCO films, illustrat-
ing the differences in the grain sizes between these samples.
The values of Jc for the films in Figs. 3�a� and 3�b� were 0.3
and 1.4�106 A/cm2 at self-field, respectively. Thus, it was
realized that the size of the c-axis-oriented YBCO grains was
the signature for the hidden microstructural factor respon-
sible for the Jc variations in the samples with low �103�
intensities, indicated by closed symbols in Fig. 2.

X-ray-diffraction measurements of these samples, shown
in Fig. 3 proved that these were completely c-axis oriented
YBCO films; but as noted above, their Jcs were very differ-
ent due to the differences in the grain size. The grains in Fig.
3�a� were very coarse with an average grain size of �17 �m
in diameter; while those in Fig. 3�b� were fine grain and
one-half as large as those in Fig. 3�a�, �8 �m. Using the
micrographs similar to ones shown in Fig. 3, we were able to

correlate the grain size to the critical current density. This is
presented in Fig. 4 for a set of nine 3-�m-thick films by
plotting the self-field Jc versus inverse grain size, 1 /d. The
solid line in Fig. 4 indicates that an approximate dependence
of Jc on 1/d and Jc�1/d−1/dc with dc=47 �m provided
the best fit to the data. Figure 4 shows that YBCO grain
coarsening leads to a drastic decrease in their Jc, and that a
sample with the grains larger than �50 �m would have vir-
tually zero Jc. The optical contrast technique could not re-
solve grains smaller than 7 �m; these samples looked fea-
tureless. Extrapolating the 1/d approximation in Fig. 4, we
estimate that samples with Jc�2�106 A/cm2 had an aver-
age grain size of 5−6 �m. Figures 2 and 4 represent the
principal result of this study, which indicates a direction for

FIG. 3. Nomarsky optical contrast of two polished 3-�m-thick films with
different grain sizes. Panel �a� shows a sample with large 17±4 �m grains
and Jc �self-field�=0.3 MA/cm2. Panel �b� shows a sample with smaller,
8±1 �m, grains and Jc �self-field�=1.4 MA/cm2.

FIG. 4. Critical current density at self-field and 77 K is plotted as a function
of the inverse grain size of 3-�m-thick YBCO films. The grain size was
determined from analysis of optical micrographs similar to those shown in
Fig. 3.
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improving the performance of thick YBCO layers by im-
proving the structure, as measured by the �006� intensity,
achieved by the refinement of the YBCO grains.

In order to clarify the structural change brought about by
the grain coarsening, we examined isolated c-axis oriented
YBCO nuclei, which were specially grown to be very large
but not totally merged with the adjacent nuclei. This was
accomplished by partially processing a 3-�m-thick film un-
der very low p�O2�. Under these processing conditions, we
obtained very sparse YBCO nuclei ��50 �m apart�, which
were allowed to ripen up to �40 �m in diameter. After that,
the sample was quenched to avoid the impingement of the
grains. According to Fig. 4, if this film were fully processed,
it would have grains of 50 �m in diameter and almost zero
Jc. To observe the nuclei, �2-�m-thick upper portion of the
film, which was mostly unreacted precursor, was removed by
planar polishing, and the polished surface was examined un-
der an optical microscope in a polarized light mode. Under
this observation condition, the YBCO nuclei appeared as
dark disks and unreacted precursor appeared as the light col-
ored background shown in Fig. 5. Generally, the centers of
the nuclei were the approximate locations of the nucleation
sites.

Upon observing these nuclei, we noted that a typical
nucleus over �20 �m in diameter had two clearly distin-
guishable parts: a dense inner core, approximately 20 �m in
diameter, and an outer region with porous appearance. This
two-part structure can be easily seen in Fig. 5 in both nuclei.
Evidently, the nucleus ripening is a complex process and the
structural quality of the YBCO material appears to degrade
significantly as the nuclei expand in a lateral �parallel to the
basal plane� direction beyond their diameters of �20 �m.
Furthermore, since similar disordered structures are observed
in films with large YBCO grains after the films were com-
pletely reacted, the outer areas of the large grains are struc-
turally disordered and likely contribute to the reduction of
the �006� intensity ratio of the coarse-grained films. This in
turn degrades the current carrying capacity of the whole
YBCO layer. On the other hand, when the nuclei are close to
each other, i.e., high nuclei densities, the lateral growth of
the grains becomes limited by the impingement of the neigh-
boring nuclei, and the growth of the YBCO grains in the

c-axis direction becomes the dominant mode for the
precursor-YBCO reaction. Thus, the growth of the fine-
grained high Jc YBCO layers proceeds primarily in the
c-axis direction �normal to the substrate�, while a coarse-
grained low-Jc YBCO layer is a product of the growth mode
dominated by the basal plane �parallel to the substrate�
growth. We conclude that the disorder accumulation during
excessive lateral expansion of the nuclei is a plausible expla-
nation for Jc degradation in coarse-grained films. Even
though the samples with grains smaller than 20 �m in di-
ameter appear dense and uniform, according to Fig. 4, we
gain Jc by reducing the grain size below 20 �m. This pos-
sibly means that the lateral growth still has damaging effect
on the structure in this grain size range, but the damage is not
detectable by optical microscopy.

Our work demonstrates that Jc can be significantly im-
proved by reducing the grain size below 10 �m; however,
how far the Jc�1/d dependence extends in the low d region
is still an open question. One limitation may be the grain
boundary �GB� permeability. The GB permeability becomes
a critical factor for YBCO layers deposited on industrial
RABiTS™ substrates, which are comprised of biaxially
aligned large ��50 �m� Ni–W grains with associated low-
angle GBs. The YBCO layer, epitaxially grown on such a
substrate, would typically consist of smaller ��10 �m for
high Jc samples� YBCO grains, which inherit the orientation
of the Ni–W substrate and form a new GB network. It has
been demonstrated16 that pronounced lateral growth, encoun-
tered in ex situ films, causes the YBCO GB to meander, i.e.,
significantly �on several micron-scale� deviate from GB of
the substrate. Meandering GBs turned out to be much more
tolerant of the grain misorientation, and impressively high
Jcs have been demonstrated for the misorientation angles as
high as 10°.16 In contrast, films prepared by PLD had very
high nuclei density, virtually no lateral growth, and straight
grain boundaries. Straight grain boundaries in PLD films de-
posited on RABiTS™ substrates exhibited a typical17 rapid
decline in the Jc with the misorientation angle, resulting in a
lower overall Ic of the PLD YBCO layer compared with the
ex situ grown YBCO. By reducing the grain size of the ex
situ grown YBCO, we suppress the lateral growth and thus
improve the structure. However, at the same time, we reduce
the GB meandering �make the GB straighter�, which may
have negative effects for the GB permeability and eventually
reduce the overall Jc when d becomes too low.

Microscopic details of the disorder, which was produced
by extensive lateral growth of the nuclei, remain unclear.
Isolated YBCO nuclei similar to those shown in Fig. 5 were
studied by Raman microscopy for signs of cation substitu-
tion. Scans of the entire area of a nucleus, 40-�m in diam-
eter, did not detect significant changes in the Raman spec-
trum across the nucleus.18 At this point, the exact nature of
the disorder in the large grains is undetermined. Further stud-
ies are needed to clarify this issue, perhaps by employing
transmission electron microscopy techniques.

IV. SUMMARY

In summary, we have identified two principal directions
for achieving high critical currents in thick YBCO films by

FIG. 5. An optical image of a partially converted YBCO film showing large
circular c-axis oriented YBCO grains surrounded by the unreacted precursor
material. Note the appearance of YBCO nuclei changes from solid at the
central to porous at the outer region.
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the BaF2 process: �1� minimization of the volumetric dis-
placement of the c-axis oriented YBCO by the randomly
oriented grains and �2� improvement in the crystallographic
order of c-axis oriented YBCO grains by a reduction in the
grain size. This is realized by setting processing conditions in
such a way that yields a high density of c-axis oriented nu-
clei without triggering extensive nucleation of the randomly
oriented grains. The range of optimal processing parameters
may be rather narrow, especially for thick YBCO layers. This
has important implications for large-scale processing of
coated conductors by an ex situ process involving fluorinated
precursors. Local variations of growth parameters caused by
the nonuniformity of the gas flow pattern and temperature in
a large ex situ reactor would result in local changes of the
growth thermodynamics. These changes may either promote
the nucleation of randomly oriented YBCO grains or retard
the nucleation of c-axis oriented YBCO, thus causing granu-
larity �growth of large grains� of the films. Both of these
phenomena are equally damaging for the critical currents of
the conductors. Results of this study point out the importance
of uniform process conditions throughout the conductor dur-
ing large-scale manufacturing of coated conductors with
thick YBCO coats.
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